The biomass of the macrophytes Potamogeton pectinatus L. and Ruppia cirrhosa (Petagna) Grande and their energy input that is at the basis of the functioning of the Ichkeul wetland, northern Tunisia, which harbours a conspicuous population of wintering waterfowl, were investigated. The mean (above-and belowground) biomass of P. pectinatus from July 1993 -April 1994 was at a maximum in September and ranged between 340.9 ± 38.4 and 480.6 ± 91.8 g dry mass (DM)/m² depending on the area. Tubers represented 10-30 % of this biomass. In R. cirrhosa maximum biomass of 368.7 ± 68.1 g DM/m² was recorded in October. In both species about 40 % of the total biomass was allocated to the roots and rhizomes. The production estimates in the Ichkeul lagoon are within the same range as estimates for other Mediterranean lagoons. Other energy sources in the Ichkeul lagoon were litter (60.1 g DM/m²), the overwintered roots and rhizomes (61.4 g DM/m²) and the suspended particulate organic matter (7.64 g DM/m²). Total mean energy income from the macrophytes in the Ichkeul ecosystem during the study period is estimated at 5306 kJ/m².
Introduction
In many brackish shallow waters on Mediterranean coasts, primary production is dominated by large dense stands of submerged macrophytes that are important feeding and rearing habitats for waterfowl, fi sh and invertebrates. The phytomass in the Ichkeul ecosystem is dominated by two submerged macrophyte species, depending on the freshwater infl ow and resulting salinity. Almost half (40 %) of the lagoon area (BCEOM et al. 1995) is covered with monospecifi c beds of Potamogeton pectinatus L. and to a much lesser extent by a meadow of Ruppia cirrhosa (Petagna) Grande. The biomass of the phytoplankton is reported to be negligible (8-11 µg Chlorophyll-a/l) compared to the high amount of particulate matter suspended in the water column (20-60 mg/l, Ben Rejeb-Jenhani 1989) .
R. cirrhosa is very common in medium and large permanent mixosaline estuarine and marine wetlands with an annual mean salinity between 2 and 35 ‰ where fetches are not large (Verhoeven 1980) . In Europe, Ruppia taxa are never found in coastal areas under the tidal regime. R. cirrhosa has an annual life cycle, hibernating as short quiescent leaf-bearing stolons.
P. pectinatus is a submerged freshwater angiosperm of worldwide distribution that includes many different habitat types, i.e. fresh and brackish waters, standing and running waters and waters of different trophic status. Among the Potamogetonaceae, only P. pectinatus tolerates high salinity and heavily polluted sites. Turbidity is the factor that most frequently limits P. pectinatus growth (Kantrud 1990 ). The species reproduces by many different means such as seeds, tubers (subter-ranean turions) and rhizomes, that can all be found as regeneration and dispersal mechanisms depending on habitat and environmental stress. The morphological plasticity and growth characteristics vary considerably in different habitats. At Ichkeul, conditions of high salinity in autumn and low temperature make P. pectinatus behave as an annual by decomposing and regenerating from tubers when salinity decreases (Hollis 1986) .
The great value of P. pectinatus as food for migrant and staging waterfowl has long been recognized (Hollis 1986 , Tamisier et al. 1987 , Tamisier & Boudouresque 1994 , Tamisier et al. 2000 , but the implications for the macroinvertebrate consumers are not well understood. One of the most notable features of the macrophyte beds is the high faunal biomass relative to those in adjacent, unvegetated habitats (BCEOM et al. 1995) . In the Ichkeul lagoon, a large proportion of the carbon fi xed by primary production enters the detritical pool during the autumn. This biomass is an important reservoir of nutrients and their removal may help to prevent eutrophication and dystrophic crisis. The impact of macrophytes on the benthic foodweb depends on the relative production, decomposition and digestibility. An estimate of the macrophyte production is needed in order to obtain a quantitative measure of its trophic potential in the functioning of the Ichkeul ecosystem for supporting resident and migratory consumer populations (e.g., waterfowl, macroinvertebrates), which utilize the macrophyte beds as feeding areas and refugia.
Production investigations of P. pectinatus have been undertaken by Schiemer & Prosser (1976) , Howard-Williams (1978) , Howard-Williams (1980) , Kautsky (1987) , Van Wijk (1988) , Menéndez & Comín (1989) , Hart & Lovvorn (2000) and Menéndez et al. (2002) . Much attention has been focused on R. cirrhosa (Howard-Williams 1980 , Kiørboe 1980 , Verhoeven 1980 , Ballester 1985 , Pérez & Camp 1986 , Menéndez & Comín 1989 , Calado & Duarte 2000 , Menéndez 2002 . Little is known about R. maritima L. (Nixon & Oviatt 1973 , Edwards 1978 , Verhoeven 1980 . The present study is part of a more extensive research programme on the functioning of Lake Ichkeul (Tunisia), the purpose of which is to identify the ecological and physical characteristics of the ecosystem in order to draw up a predictive forecasting model with a view to devising a conservation management programme taking into account the social and economic development of the region. On the basis of the phytoplankton study by Ben Rejeb-Jenhani (1989), Tamisier & Boudouresque (1994) considered the Ichkeul lagoon as a rare example of an oligotrophic coastal lagoon in the Mediterranean basin since algal blooms or dystrophic crises have never been reported from the Ichkeul lagoon (Hollis 1986 , Ben Rejeb-Jenhani 1989 . This study describes seasonal changes in above-and belowground phytomass, tuber biomass, litter and suspended particulate organic matter and estimates their energy input that is at the basis of the functioning of this temperate brackish lagoon (Casagranda & Boudouresque 2005 , Casagranda et al. 2005 , Casagranda et al. 2006 ).
Material and methods

Study site
The study was carried out at Lake Ichkeul, an inland brackish lagoon of 9,000 ha surrounded by 3,000 ha of temporary marshes on the northern coast of Tunisia (Fig. 1) . It is linked by a narrow channel (Tinja channel) to the Lagoon of Bizerte which in turn has an outlet to the Mediterranean Sea. The wetland is shallow with a mean depth of 2-3 m in winter and 1 m in summer. It is fi lled up with freshwater from autumn and winter rainfall (from 7 wadis, i.e. temporary rivers) that overfl ows into the Lagoon of Bizerte. In summer, high evaporation lowers the water level and allows seawater to enter into the lake. The salinity displays considerable seasonal changes from 3 ‰ in the innermost parts in spring to 38 ‰ at the mouth of the Tinja channel in autumn.
Sampling
The lagoon was divided into 4 study areas on the basis of the macrophytal covering (Fig. 1) . The western (henceforth referred to as 'Sejnene') and the southern (Joumine) areas, supplied with freshwater from the wadis, are covered by extensive beds of P. pectinatus. The eastern area (Tinja) close to the Tinja channel and supplied with seawater is covered by a meadow of R. cirrhosa. The central area (Centre) of the Ichkeul lagoon is completely vegetation free. Three replicate samples were taken monthly at a total of 21 sites (Fig. 1) from July 1993 to April 1994. Aboveground phytomass (stems and leaves) was sampled using a sampler which is essentially a section of a metal ventilation pipe 30 cm in diameter. Belowground phytomass (roots and rhizomes, P. pectinatus tubers) and litter was sampled using a 15 cm inner diameter cylindrical Plexiglas coring tube collecting 20 cm of substrate. The sediment cores were rinsed in a 300 µm gauze hand-net and preserved in 75 % ethanol until sorting. The data of Chl-a (fi ltration over a glass fi ber fi lter GF 92, [µg/l] BCEOM et al. (1995) .
Biomass and CHN content
The biomass of stems and leaves, roots and rhizomes, litter and P. pectinatus tubers was determined by measuring dry mass eschweizerbartxxx (DM) at 60 °C after 48 h. In order to obtain a mean estimate, the biomass estimates for each sampling area were weighted by their contribution (Sejnene, 34 %; Centre, 55 %; Tinja, 3 %; Joumine, 8 %) to the total surface area of the wetland. The average CHN content was measured with a LECO 800 analyser as described by Casagranda & Boudouresque (2002) . The energy content of each component was estimated from literature. A t-test was performed to compare the P. pectinatus biomass between the Sejnene and Joumine areas. The goodness of normality fi t was tested by a Kolmogorov-Smirnov statistic, the homogeneity of variances by a F-statistic.
Results
Aboveground phytomass
During the study period from July 1993 to April 1994, only negligible autumn and winter rainfall was registered. Infl ow of seawater into the lagoon continued from summer to winter and was reversed only in February and March (2 months instead of 8 in average years). At the end of spring 1994, unusually high average salinity of about 28 ‰ (Fig. 2) and low water level were observed. The aboveground phytomass is represented in Fig. 2 . The meadows of P. pectinatus at Sejnene and Joumine disappeared from October onward, and thick layers of dead vegetation piled up all along the southern shores. Only the R. cirrhosa meadow at Tinja remained in place during the study period. Maximum mean aboveground biomass of the P. pectinatus meadows was reached in September with 250.8 ± 60.2 g DM/m² at Sejnene and 99.4 ± 23.9 g DM/m² at Joumine. The t-test indicated that the biomass at Sejnene was signifi cantly higher (p < 0.05) than that at Joumine. At Tinja, the peak aboveground R. cirrhosa biomass attained 229.9 ± 55.2 g DM/m² in October. From November to February, a period of winter quiescence was observed in the R. cirrhosa meadow. In April, 39.1 ± 17.6 g DM/m² of R. cirrhosa were measured. The weighted mean aboveground phytomass over the whole lagoon surface amounted to 101.6 g DM/m². The mean C-and N-content was measured to be 33.6 % and 1.48 %, respectively, yielding a Cand N-production of 34.1 g C/m² and 1.5 g N/m² in the lagoon. The calorifi c value of submerged phanerogams of the family Potamogetonaceae has a mean of 13.57 kJ/gDM (Nixon & Oviatt 1973) , rendering the aboveground biomass as 1378 kJ/m².
Belowground phytomass
The biomasses of the P. pectinatus tubers at Sejnene and at Joumine are shown in Fig. 3 . The maximum The weighted mean over the total wetland amounted to 25.7 g DM/m². The mean C-and N-content was measured to be 42.10 % and 0.92 %, respectively, yielding a C-and N-production of 10.81 g C/m² and 0.24 g N/m² in the lagoon. P. pectinatus tubers have a mean calorifi c value of 13.57 kJ/gDM (Hurter 1979) rendering the tuber production as 344 kJ/m². The mean seasonal dry mass of the roots and rhizomes for each area is given in Table 1 . On the basis of the October value, the macrophytes would have produced 75.3 g DM/m² of roots and rhizomes in the lagoon. At all areas, about 40 % of the total standing crop by the end of the growing period was allocated to the roots and rhizomes ( Table 2 ). The t-test indicated signifi cant difference (p < 0.05) between Sejnene and Joumine. The roots and rhizome biomass at Joumine was signifi cantly higher (p < 0.001) during summer and autumn and signifi cantly lower (p < 0.01) during winter and spring than at Sejnene. The mean C-and Ncontent was measured as 36.03 % and 1.50 % respectively rendering the C-and N-production as 27.1 g C/ m² and 1.1 g N/m². Using the calorifi c value according to Hurter (1979) , the roots and rhizomes have a mean energy input of 1009 kJ/m².
The biomass of the overwintered roots and rhizomes in the sediment in April (Table 1 ) was higher in the P. pectinatus than in the R. cirrhosa meadow. At Sejnene the overwintered roots and rhizome biomass amounted to 146.1 ± 58.5 g DM/m², at Tinja 78.7 ± 31.5 g DM/m² and at Joumine 120.7 ± 48.3 g DM/m 2 yielding a weighted mean of 61.4 g DM/m². The C-and N-production amounted to 22.1 g C/m² and 0.9 g N/m² respectively. Applying the calorifi c value according to Meyer (1991) the energy input from the overwintered roots and rhizome biomass yielded 1230 kJ/m².
Litter
The litter biomass is represented in Fig. 4 . The maximum mean biomass was reached at Sejnene in February with 138.2 ± 48.4 g DM/m², at Tinja in October with 136.9 ± 54.8 g DM/m² and at Joumine in March with 91.5 ± 27.4 g DM/m². In the Centre, the litter mass was always very low, with a maximum biomass of 3.2 ± 1.3 g DM/m² in October. The weighted mean of the whole lagoon amounted to 60.1 g DM/m². The mean C-and N-content was measured as 25.43 % and 1.50 %, respectively, yielding a C-and N-biomass of 15.3 g C/m² and 0.9 g N/m² in the lagoon. The calorific value of 20.03 kJ/gDM (Meyer 1991) was used for the energetic content of the litter rendering the energy income as 1205 kJ/m².
Chlorophyll-a and suspended matter content of the water column
Complete time series of Chl-a were only available for 4 sample sites from BCEOM et al. (1995) , i.e. sites 4 and 5 in the Sejnene area and sites 6 and 8 in the central area ( of SPOM in the water column. On the basis of PAR profi les measured at the 21 samples sites mid-August (Fig. 6) , the attenuation coeffi cient was calculated for each area. The transparency is signifi cantly correlated with the attenuation coeffi cient (r = -0.98, p < 0.001).
In the vegetation-free Centre, the attenuation coefficient (BCEOM et al. 1995) was 4.86/m (Fig. 6) . Light was less attenuated at Sejnene (k = 2.30/m) and Tinja (k = 2.71/m), i.e. macrophyte colonization ceased at depths where, on average, 26-32 % of PAR incident on the water surface is received during the growing season. At Joumine, however, the attenuation coefficient was 19.01/m (Fig. 6) . The SPOM occurring in the water column is presented in Fig. 7 from August to April at each area. The transparency is signifi cantly correlated with the SPOM in the water column (r = -0.75, p < 0.001). For the estimation of the energy income from the SPOM, the average value for the whole study period was used, which is 62.0 ± 15.2 mg DM/l at Sejnene, 78.7 ± 30.3 mg DM/l in the Centre, 44.8 ± 14.1 mg DM/l at Tinja and 138.3 ± 55.9 mg DM/l at Joumine, yielding a weighted mean of 76.4 mg DM/l. Using the calorifi c value for detritus according to Cummins et al. (1966) the energy income from the SPOM was estimated as 141 kJ/m².
Discussion
Factors structuring macrophyte colonization
Both species are poorly tolerant of wave action (Verhoeven 1980) . In shallow Ichkeul, the wave-mixed zone coincides with the macrophyte zone, but the beginning of the growing season coincides with the greatest increases in water level from spring runoff. Once seedlings are established, growing macrophyte stands greatly dampen wave action from winds. The extent of the wave-mixed zone depends on slope, shore aspect in relation to prevailing winds and on lake size, principally fetch. Dense macrophyte stands are therefore able to develop only in the sheltered bays of Sejnene, Joumine and Tinja where the water column above coarser-textured bottoms is less subject to windinduced turbidity.
Salinity determines species composition of the macrophyte community in the Ichkeul lagoon. Although R. cirrhosa is also vital in waters with mean salinity below 4 ‰, the vitality of P. pectinatus is at its optimum and it can outcompete R. cirrhosa completely. This is attributed to the larger number of better adapted hibernating organs (tubers, rhizomes, seeds) of P. pectinatus and the rapidity with which it fi lls both the substrate and water column (Verhoeven 1980) . The way in which P. pectinatus adapts to salinity, and the actual salt tolerating mechanism involved, remains unclear. The University College London (UCL) greenhouse studies (Hollis 1986) , conducted with material from the lagoon, showed that at salinity below 3 ‰, the vitality of P. pectinatus is at its optimum level and that any increase in salinity resulted in a reduction in vegetative growth. Salinity higher than 20 ‰ was found to be fatal to many plants. The strength of the effect depends on the age of the plant when it is subjected to increased salinity (Hollis 1986 ). The greatest effect will come if the plants are very young (< 9 weeks) when the high salinity occurs. Once the plants have started to fl ower, normally in June when salinity in the lagoon is between 8-10 ‰, and have set seed, the impact of the salinity increase is not as great. Dense stands of P. pectinatus are therefore able to develop only in the sheltered bays of Sejnene and Joumine close to the freshwater inputs where sediments have a relative high proportion of silt and organic matter. In Ichkeul lagoon, P. pectinatus occurs in a regular annual cycle where salinities of 40 ‰ occur by the end of summer as the sea fl ows in. Winter rains then freshen the lake for spring growth of P. pectinatus. The landward extension of P. pectinatus is determined by the water level in late spring. Areas less than 30 cm deep when P. pectinatus is growing will result in desiccation of the areal shoots. P. pectinatus appears to be at its optimum within the lagoon in late spring at water levels between 80 and 120 cm in sheltered areas.
The lakeward extension of macrophytes will be controlled by the depth of the wave-mixed zone. In shallow wetlands where fetches are large, the wavemixed zone deepens and the effects of wave action on sediment-induced turbidity prevent growth of macrophytes (Anderson 1978) . In the central area of Ichkeul lagoon, macrophytes are absent, possibly because of very large fetch and the substrate is high in easily suspendible fi ne clays deposited there. The attenuation coeffi cient in the Centre (Fig. 6 ) is less than 10 % of PAR incident on the water surface received at depths of macrophyte-covered areas. There, the canopy of P. pectinatus and R. cirrhosa formed at the water surface dampen light attenuation caused both by manmade and natural suspended particles by reducing water movement (Schiemer & Prosser 1976) . However, macrophyte colonization ceased at depths where, on the average, 26-32 % of PAR incident on the water surface is received during the growing season (Fig. 6) .
eschweizerbartxxx
This indicates that photosynthesis is rapidly light saturated and that this could be a competitive disadvantage in turbid waters. However, at Joumine, the Secchi depth was reduced to 9 cm at Joumine during the growing season (BCEOM et al. 1995) , the SPOM was maximum (BCEOM et al. 1995) . According to Kantrud (1990) , Secchi transparency less than 20 cm indicates waters that will not support P. pectinatus. The water column at Joumine is subject to high pollution-induced turbidity from municipal sewage from the town of Mateur through the Joumine wadi, essentially soluble reactive phosphorous (P-PO 4 , 101.7 ± 25.3 µmol/ l) and ammonium (N-NH 4 , 1130.7 ± 470.5 µmol/l), largely exceeding CEE edibility limits (BCEOM et al. 1995) . However, P-PO 4 and N-NH 4 levels in the Joumine water column were low (0.2 ± 0.1 µmol/l and 5.8 ± 4.8 µmol/l, respectively) (BCEOM et al. 1995) . According to Hart & Lovvorn (2000) , cycles of phytoplankton-macrophyte dominance can be a function of water depth, the competitive advantage being with the macrophytes in shallow waters. The Chl-a values available from BCEOM et al. (1995) in fact show only one value exceeding the low general mean (Fig. 5) . Kantrud (1990) postulated that P. pectinatus cannot compete in waters low in P and shows more affi nity for waters high in P but suffers from turbidity. According to Van Wijk (1988) , P. pectinatus has adaptations to unfavourable light climates common to eutrophic or brackish waters. These adaptations include increased relative turion production (Fig. 3) and increased shoot length, fewer and coarser leaves and stems and a lighter green colour (pers. obs.). Plants can reach the water surface at an earlier stage and concentrate foliage in the surface layer before phytoplankton or macroalgae have the advantage. In the past, phytoplankton blooms have never been reported from Ichkeul lagoon (Hollis 1986 , Ben Rejeb-Jenhani 1989 , BCEOM et al.1994 . Low P-PO 4 and N-NH 4 levels in the water column indicate macrophyte uptake; however, most P-PO 4 and N-NH 4 is supposed to be concentrated in the sediments. Ben Rejeb-Jenhani (1989) showed that the Ichkeul sediments have high P-PO 4 adsorption capacity. As the dissolved oxygen is in the range of 83-117 % of saturation, the BOD 5 low (1.5-2.8 mg/l) and the redox potential high (370-400 mV) (BCEOM et al. 1995) , N fi xation rather than denitrifi cation would be more likely. Under aerobic conditions and lack of assimilable N and P in the water column, sediments are the major nutrient source for P. pectinatus. If P. pectinatus does not leak P as some common submerged plants are thought to do (Madsen 1986) , the species could be considered rather a P reservoir instead of a pump.
Under such circumstances, we postulate that P. pectinatus can control P availability and suppress lightlimiting phytoplankton blooms. Gerloff & Krombholz (1966) employed the tissue content of total nitrogen and phosphorous as an index of element availability in water. For this approach, the minimum tissue concentration that is necessary for maximum growth must be determined. In our study, the tissue content of phosphorous has not been ana- lysed but the nitrogen content (1.48 %) was close to the minimum content of 1.3 % published by Gerloff & Krombholz (1966) . This supports the viewpoint that in fertile lakes nitrogen is more likely to limit macrophyte growth than would phosphorous. An alternative approach of relating nutrient concentrations in the water to potential for supporting plant growth has been developed by Chiaudani & Vighi (1976) . In this approach, the N/P ratio of 10/1 is considered to be an optimum assimilation proportion where neither phophorous nor nitrogen could be considered as limiting factor. In Ichkeul lagoon, distribution of N and P (BCEOM et al. 1995 ) differed markedly from this ratio in both water column and sediment (Fig. 8) . In the sediment, the N/P ratio was less than 10/1. In the macrophyte-free sediments it was 10/2. However, in the water column, the N/P ratio was much greater than 10/1. BCEOM et al. (1995) reported high organic N values (155.6 ± 65.2 µmol/l) in the water column during autumn which indicates inputs from meadow decomposition. Howard-Williams & Davies (1979) showed that P was lost to the water much more rapidly than N from decomposing P. pectinatus. At Ichkeul, rapid elimination of P-PO 4 from the water column by sediments has been demonstrated (Ben Rejeb-Jenhani 1989). Consequently, if there are no meadows to assimilate the adsorbed P, one might envisage the sediments becoming progressively poorer in nitrogen and richer in phosphorous.
Macrophyte biomass and production
The measurement of submerged angiosperm production can be undertaken by means of harvesting techniques, incubation experiments or marking methods (Schwoerbel 1994) . Incubation experiments are limited to short term investigations and marking methods cannot be used for R. cirrhosa and P. pectinatus as the leaves are too small and narrow and their vertical stems are too strongly branched. If plants show a seasonal development pattern, the annual cumulative production can be determined by measuring plant biomass at the moment of maximum standing crop. The P. pectinatus and the R. cirrhosa stands show complete annual growth, the aboveground parts produced in the previous season and lost in winter are completely decomposed at the time of maximum biomass and no corrections are necessary. The disadvantage of this method is the repeated destructive sampling necessary for the determination of the moment of maximum biomass.
There was 30-50 % more income from belowground biomass than in both submersed macrophytes and SPOM combined ( Table 2 ). The belowground biomass was higher in the P. pectinatus than in the R. cirrhosa meadow. In the literature, the belowground biomass can vary from 4 % to 78 % of total plant weight (Howard-Williams 1980 , Kautsky 1987 , Van Wijk 1988 , Menéndez & Comín 1989 . The significant differences between the P. pectinatus meadows at Sejnene and Joumine leads to the conclusion that "lighter" plants from polluted sites allocated more biomass to underground parts than "heavier" plants from unpolluted sites. Ozimek et al. (1986) found that P. pectinatus from polluted sites grew faster reaching peak weight in July and began dying earlier than plants from unpolluted sites that continued to gain weight until October.
The seed material collected from Ichkeul has a high temperature requirement for germination (20 °C, Hollis 1986) . These temperatures only tend to be found in the lake during summer when salinity is high, reducing the success of germination. According to Van Wijk (1988) , seeds are mainly a means of long term survival. Consequently, it is thought that the major reestablishment of the P. pectinatus meadow in Ichkeul during the following summer derives from tuber recruitment rather than from seed recruitment. The estimated tuber production is between 10 and 30 % of the P. pectinatus production ( Table 2) . During the winter of the study period, the largest population of Common Pochards (Aythya ferina) for the last ten years was counted (26,000 between November 1993 and February 1994 , BCEOM et al. 1995 . Tubers contain much more carbon than foliage. The high carbohydrate accumulation by tubers explains their exhaustive use by migrant and wintering waterfowl. This predation has been favoured during the study period by the lack of macrophyte cover (Fig. 2) and low water level.
In autumn, tons of P. pectinatus decomposed on shore as stems and leaves wash up after becoming collapsed and detached. At Joumine, litter formation was delayed by 2 months while at Tinja it was advanced (Fig. 4) although the meadow remained in place longest (Fig. 2) . This indicates a redistribution of the litter mass from the south east to the north east favoured by the dominant SW winds during late summer (BCEOM et al. 1995) . Litter bag experiments by Verhoeven (1980) showed how important shredding and grazing invertebrates were for macrophyte decomposition. He found that half of the material had decomposed within two months and that after a year practically no plant material was left. In Ichkeul, the pool was supplied with material from the packs on the lee side shores moved around by wave action. eschweizerbartxxx Maximum macrophyte biomass was assumed to equal the lagoonwide primary production. Total mean energy income in the Ichkeul ecosystem during the study period is estimated as 5306 kJ/m².
Wetland production in relation to latitude and trophic implications
In Table 3 the maximum biomass data from this study are compared to values given in the literature. The production estimates in the Ichkeul lagoon are within the same range as estimates for other Mediterranean lagoons in the Ebro delta (Pérez & Camp 1986 , Menéndez & Comín 1989 , Menéndez 2002 , Menén-dez et al. 2002 and in the Camargue (Verhoeven 1980 , Van Wijk 1988 . Greatest P. pectinatus biomasses (> 1500 g DW/m²) were found in Africa (Howard-Williams 1978) . This is exceptionally high for any submerged hydrophyte. Congdon & McComb (1981) found a maximum dry-mass standing crop of 503 g DM/m² for Ruppia sp. in the Blackwood River estuary, south-west Australia. Much lower values are reported Howard-Williams (1978) from Neusiedlersee (Schiemer & Prosser 1976) , the Ringkøbing Fjord (Kiørboe 1980 ) and the Askö area (Kautsky 1987) with maximum biomasses of 3-28 g DM/m². According to Van Wijk (1988) this is less due to strongly branching leafy stems colonizing the water column and never forming a dense canopy (Kautsky 1987) than to less favourable climatic conditions. In marine and estuarine wetlands, the extent and effects of invertebrate herbivory on submersed macrophytes is poorly understood. But the study of the benthic primary consumers in Ichkeul reveals that a few species can signifi cantly decrease macrophyte biomass (Casagranda et al. 2006) . If waterfowl feeding within a wetland depend on food availability, one might expect that, in an area where food is abundant, abundance of waterfowl should be high. The macrophyte biomass is negatively and signifi cantly correlated with latitude (r = -0.73, p < 0.001), decreasing with increasing distance from the equator. The correlation between latitude and phytomass suggests that mild weather conditions and absence of extreme temperatures, especially cold temperatures, might allow prolonged macrophyte production and a continuous supply of food for higher trophic levels. Tamisier et al. (2000) demonstrated that densities of macrophyte feeding waterbirds within a limited geographic area were linked to food availability. If this pattern holds true throughout the non-breeding range of palearctic breeding migrant waterbirds, and waterbird density is linked to wetland productivity, it can be predicted that warm temperate and tropical wetlands will support higher waterbird densities than cold temperate wetlands. High densities of waterbirds at the Ichkeul lagoon (180,000-230,000 birds) (Tamisier & Boudouresque 1994) , and other warm temperate sites on the western Mediterranean coast (Tamisier 1987) , support this prediction.
On the assumption of the replacement of R. cirrhosa by P. pectinatus, the phytomass which would be available to the hibernating waterfowl at Ichkeul, would be a great deal less than that actually available from P. pectinatus. How the rest of the wetland community refl ects differences in primary production between these states depends on how production fl ows through foodwebs. In the P. pectinatus meadow macro-invertebrate consumers are mostly shredder and epibenthic deposit-feeders (gastropods and amphipods) (Casagranda et al. 2005 , Casagranda et al. 2006 ). In the R. cirrhosa meadow, consumers are also fi lter-feeders and endobenthic deposit-feeders (Casagranda & Boudouresque 2005) . State shifts in vegetation structure and resulting forms of primary production might have a profound impact on the structure and function of higher trophic levels. Elucidating these trophic linkages will require a variety of research approaches, such as analysis of diet and secondary production, stable isotope analysis and integrative models.
